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Abstract

Introduction

The backscattered electron
(BSE)
induced secondaries (SE2) emerge from an
area that is usually many orders of magnitude larger than the area in which the
impinging primary probe releases secondary electrons (SEl). These SE2 secondary electrons form a) an undesired background signal in high resolution scanning micrographs and b) are responsible
for the well known proximity effect in
electron beam lithography. In this paper
we focus our attention on the first topic exclusively: we discuss the complex
influence of the SE2 on contrast in SEM
micrographs
(neglecting the components
SE3 and SE4). We do this on the basis of
our emission-microscopic measurements of
the spatial distributions of SEl and SE2
emerging from flat bulk specimens. By
integrating these distributions in two
dimensions we calculate the total number
of SEl and SE2 electrons and deduce the
signal to backgroud ratio SEl/(SEl+SE2),
i.e.,
the maximum contrast in one pixel
("single pixel contrast") and the contrast of two adjacent pixels 1 and 2
according to
its
usual
definition
C= ( I, -I2 ) / ( I1 +I2 ) .
We
calculate the
enhanced secondary emission factor~ for
backscattered electrons from our total
numbers of SEl and SE2 for Si, Ge and Ag
to ~s1=2.58, ~Ge=l.46, ~Ag=l,23.

Contrast
formation
in scanning
electron microscopy
(SEM)
of
bulk
specimens is very complex, in particular
in the "secondary-electron-mode" where
the secondaries are used to make up the
video signal. The reason for this complexity is that - unlike in transmission
electron microscopy or light microscopy
the source of the image forming electrons, here secondary electrons,
is not
exclusively located in the pixel just
scanned by the electron beam (e.g.,
Everhart et al. 1959; Seiler 1968, 1983;
Reimer et al. 1968; Robinson 1974; George and Robinson 1976). Instead, the total of the secondaries has a spatially
very extended origin. According to their
origin they are usually divided into the
following categories: 1)
the part SEl
containing highly resolved information
about the specimen surface since these
secondaries are released by the incident
primary beam inside the area of the pixel just scanned (without regard to
present-day extremely high resolution
scanning microscopes which reach spot
sizes smaller than the exit depth and
the range of the secondary electrons in
the specimen) and 2) the fractions SE2
and SE3.
These parts contain no highly
resolved information: the portion SE2,
released by the backscattered electrons
(BSE's) when
leaving
the
specimen
surface, emerge from a rather extended
region around the impinging beam (e.g.,
Pease 1965; Hasselbach 1971, 1973; Yamamoto 1976). Thereafter they hit the
walls of the specimen chamber and the
pole piece of the last lens generating
an extremely extended source of secondaries well known as fraction SE3. The
SE2 and SE3 make up a considerable part
of the amplitude of the video signal if
they are not prevented from reaching the
detector by special detectors
(e.g.,
Hasselbach
et
al.1983) or specimen
geometry. Their amplitude is superposed
to the highly resolved SEl signal and
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solved image of the distribution of
SEl+SE2 on the fluorescent s =reen or
photographic plate. The diaphra1m in its
back focal plane with its di1meter of
100 µm improves the resolution limit of
the cathode lens to a value o f 0.1 µm.
This is due to the fact that with
decreasing diameter , the diaph r agm cuts
off the high energetic tail of the
energy distribution of the se=ondaries
(e.g., a diaphragm of 100 µmin diameter
cuts off most of the secondary e lectrons
with energies larger than about 2.5 eV
(Dietrich and Seiler 1960; Mollenstedt
and Lenz 1963; Schwarzer 1975;)). This
leads to a lower chromatic aberration.
Additionally the aperture prevents all
SE3 and BSEs from reaching t he photographic plate. Due to the oblique angle
of
incidence
of the prima r ies the
spatial distribution of the sec ondaries
is not rotationally symmetric a r ound the
point of incidence . According to the
Monte Carlo calculations
of
Reimer
(1968),
Shimizu and Murata (1971) and
Murata (1973,
1974) one is expecting a
spatial distribu t ion similar t o that given schematically in the plane of the
fluorescent screen/photographic plate of
Fig. 1 . In the
following this distribution will be called "point response function" . The x -z plane is the symmetry plane of this distribution. When
this
point
response
function
is
deflected parallel to the x-direction we
observe a line,
the "line response
function". The intensity distribution

acts as a slowly varying noise signal.
The aim of this paper is to calculate quantitatively the influence of
the
SE2
electrons
on contrast in
scanning electron micrographs. We do
this on the basis of data of the spatial
distributions of SEl and SE2 which we
have measured using our emission microscopical method (Hasselbach 1971,
1973 ;
Hasselbach and Rieke 1978, 1982; Hasselbach and Krau~ 1985).
These measurements were made on model specimens consisting of bulk silicon, germanium and
silver either highly polished or evapo rated on polished glass substrates. The
surface of these samples is very smooth
and homogeneous, that is, no topographic
contrast caused by variations of the SE
yield resulting from local tilt of the
specimen surface or from local variations of the secondary emission coeffi cient is expected.
A short glance on the experimental
technique for measuring the spatial
distributions of SEl + SE2
In order to investigate the spatial
distributions of SEl and SE2 quantitatively we combined a scanning electron
microscope with an electron emission
microscope (e.g., Hasselbach 1971, 1973)
(Fig . 1).
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The scanning microscopical column given on the right hand side of Fig. 1 produces a spot of 0.3-0.5 µmin diameter on the specimen surface at energies
of the primary beam of 20 - 70 keV
(smaller spot diameters could not be
achieved due to the the large working
distance of 12 cm of the second demagnifying lens). The secondaries released by
the impinging primaries and by the backscattered electrons are accelerated by
the high electric field in front of the
specimen surface which is generated by
the potential applied to the specimen
with respect to the anode and the wehnelt electrode of the cathode lens. This
lens projects a magnified, spatially re-
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Fig.
2: Densitometric evaluation of a
line response function plotted linearly
(2a) and in the form of ln (I/Io) versus
y 2 (2b). Note the two abscissa scales y 2
and yin Fig. 2b.
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information of the pixel just scanned.
The fraction of the video signal
corresponding to the SE2 and SE3 secondaries is only slowly varying from pixel
to pixel. Therefore, if we substitute in
[1] for the intensities the corresponding secondary electron currents when
the pixels 1 and 2 are hit by the electron probe, it is remarkable that in the
numerator the amplitudes of the video
signal corresponding to SE2 and SE3 cancel to a first approximation while in
the denominator they add up. This leads
to a drastic reduction of the contrast
available in scanning microscopy on bulk
specimens.
In the following we want to calculate the influence of the SE2 only on
contrast using our experimental data. We
do not take into account the component
SE3 at all and justify this by the fact
that the component SE3 may be reduced or
prevented from reaching the detector in
principle (Peters 1982a,b; Reimer and
Volbert 1979) and that in most modern
scanning microscopes precautions are taken to reduce the SE3 substantially.
Neglecting the SE3 totally means that
our results give an upper limit for the
contrast available .
Imagine a flat homogeneous surface
where just one pixel differs in its secondary emission coefficient - caused,
e.g ., by local contamination - from the
adjacent pixels. The contrast definition
[1) may be described then very illustra t ively by the following symbolical
equation:

perpendicular
to this line response
function is symmetrical. We recorded
such
line response functions photographically for samples of different materials and for different energies of
the incident primaries. In order to work
in the linear part of the exposure curve
of the photographic emulsion the low and
high intensity parts of the line response
function
were
recorded in two
micrographs differing in their exposure
times by a factor of 16. As an example,
a densitometric evaluation of such a line response function is given in Fig. 2.
Such photographically recorded line
response functions represent the integral of the corresponding point response
function in scanning direction. This
becomes intelligible by the following
consideration: Imagine an intersection
perpendicular to a line. When the line
is written on the photographic plate ,
all parts of the SE distribution pass
the intersection successively and contribute to the exposure .
Some remarks on contrast and its
definition
In scanning microscopy three principal contrast forming mechanisms exist :
topographic contrast, material contrast
and crystal orientation contrast . We report quantitative data of the proportion
of the secondary electron currents
C* = SEl/(SEl + SE2)
which is identical with the fraction of
the total secondary signal that carries
useful contrast at the resolution limit
(e . g. , Joy 1984). It characterizes the
signal to background ratio in each pixel
("single pixel contrast") and is closely
related to contrast in its conventional
definition.
The conventional definition of contrast C - originating from light microscopy
is given by
the
following
formula :

,...
[2)

C

The narrow peak in each case represents
the SEl while the broad distribution symbolizes the SE2. The right
hand side of the equation is valid when
we approximate the SEl contributions of
the two pixels in the denominator by:
SEl 1 + SEb

C

(I1 - I2)/(I1 + Id

::::

2 SEl1

:::: 2 SEb

[3)

[1]

This is justified by the fact that
we only neglect the comparatively small
quantity SEl1-SEl2 compared to the whole
denominator. The portions SE2 are exactly the same due to the fact that we use
flat homogeneous specimens .

where I1
is the intensity in two adjacent pixels 1 and 2. As already mentioned, while in transmission microscopy
either with light or electrons the intensities I1 and I2 originate from the
interior of the corresponding pixels, in
scanning
electron microscopy only a
fraction of the image forming secondaries - the SEl - are released inside of
each pixel area. The intensities I1 and
h
- which are equivalent to the total
current of secondaries released when the
electron beam is incident on a certain
pixel - are composed of the three parts
SEl ,
SE2 and SE3 . The BSE induced SE2
and
SE3 contain no highly resolved

Our "single pixel contrast" C* is
related to the conventional contrast
definition by:

c• =SEl/(SEl + SE2) =

n
,...JL.,

l4 J

C:::: (SEl1 - SEl2)/2(SEl + SE2)
[5]

The enormous decrease of contrast C
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due to the SE2 is the reason for the various attempts to prevent not only the
SE3 but also the SE2 electrons from
reaching the detector (Hasselbach et al.
1983) or to subtract a signal proportional to the SE2 current delivered by an
extra BSE detector
multiplied by a
suitably chosen constant factor
from
t he total signal produced by the SEdetector (Crewe and Lin 1976, Volbert
1982a, 1982b). Another method to enhance
contrast is to enrich the SEl fraction
in the video signal by a suitable pre paration of the specimens (Peters 1982a,
Peters et al.1983 ).

feet correction)
1978).

Si
probe
diam. 0.3±0.03µm
FWHM

2'

0.5±0.03µm

20
30

2.9
6.0
9.3
12.6
17 . 5
121. 5

0 . 035 1. 52
0.022 3 . 21
0.017 4.60
0 . 013 6.48
0.009 8.28
0.007 10.10

0.120
0 . 052
0.042
0.031
0 . 025
0.020

.92 0 . 158
1. 50 0.132
2.44 0.084

3.34 0.061
4 . 24 0 . 050
5.12 0.040

Table 1. Chara c terist i c parameters (FWHM
of incident probe= FWHM of SEl in our
approximation , FWHM of BSE induced sec ondar i es for an infinitely fine impinging primary beam SE2•, relative height
of the SE 2 distribution Nu / Ns ) of the
Gaussian line response functions for materials of different at omic number Zand
energy
of the primaries .
Angle of
inciden c e 50° to the surface normal.

where Ns in the formula is the maximum
of the Gaussian distribution characteri zing the spatial distribution of the
SEl,
2a the full width at half maximum
(FWHM) of the SEl, Nu the maximum of th e
SE2 distribution and 2b the corresponding FWHM of the SE2. The fact that both
distributions are of Gaussian type mak e s
it possible to describe our experimental
data with two parameters , the FWHM and
their
relative maximum height Nu/Ns
only. These characteristic parameters
are easily extracted from such plots .
The FWHM of the distribution SE2 for an
infinitely fine impinging primary electron beam (i.e.,
the a-function respon se), SE26 is given by:
( SEl)

0.5±0 . 03µm

Nu /Ns
SE2o
Nu /Ns SE26 Nu /Ns SE2•
[µm]
[µm]
[µm]

40

[exp(-5 ·/n2)] +Nu · [exp(- ~ -/n2)] [6)
N , + Nu

( SE2 )2 -

Ag

Ge

kV

50
60
70

00 )

SE26 = /

Rieke

Table I

The line response functions were
evaluated using a Zeiss Axiomat light
optical
densitometer microscope connected on-line with a microcomputer. An
example of such a function has already
been shown in Fig.
2a . If we plot the
relative intensity I/Io as a function of
the distance y 2 from the center of the
distribution logarithmically (Fig.
2b),
we see that the high intensity part
(y-- 0)
(corresponding to the SEll
as
well as the extended low intensity por tion (y ..
(corresponding to the SE2)
may be approximated by straight lines,
i.e., by Gaussian distributions . The
normalized intensity I / Io may be app roximated by :

Io -

and

Table 1 summarizes the characteristic parameters of our
experimental
Gaussian line response functions: the
FWHM of the impinging probe, the FWHM of
the SE2 a-function response
(SE2• l and
the relative peak heights Nu/Ns of the
SE2 and SEl distributions for energies
of the primaries in the range of 20 - 70
keV for Si, Ge and Ag. The FWHM of the
impinging primary probe was 0 . 3 ± 0.03
µm for Si and 0 . 5 ± 0 . 03 µm for Ge and
Ag. Nu/Ns of course depends on this
size .

Quantitative evaluation of the
experimental line response functions

!_ _ N, ·

(Hasselbach

In order to determine the total
number of electrons belonging to the
fractions SEl and SE2 we only have to
c alculate the integral of the Gaussian
line response functions using the characteristic parameters as given in table
1. We obtain for the integrated intensities of :
[8]

SEl =
co
yZ
Nu/exp(- - 1 /nl)dy= a Nub
- co
b

SE2

[9]

for a and b > 0; a= const. ;

[7]

and the single pixel contrast:

The knowledge of SE2• is necessary
for the calculation of the influence of
the BSE-induced decrease of contrast at
the resolution limit of the SEM and ren ders it possible to calculate exact values for the exposure correction in
electron beam lithography (proximity ef-

SEl/(SEl+SE2)

with

7950

Ns a/

(Ns a+Nu bl

1/(l+rl

[10]

r

[11)

= Nub/Nsa

Influence of BSE's on contrast in the SEM
The values of I calculated from our
experimental data are subject to an error of about 20%. They are given in table 2:

c•s1

0.68

C•

Ge

0. 7 2

spending SEM micrograph.
These considerations are valid on
the assumption that none or only a
negligible part of the BSE's leave the
specimen surface inside the pixel just
scanned, i.e., at the resolution limit
of the microscope. When the microscope
works at low magnification,
the pixel
size increases and now more and more of
the BSEs leave the surface inside the
pixel. The secondaries induced by these
BSEs now carry information about this
pixel and become part of the SEl signal.
The lower the magnification,
the more
the contrast available increases (e.g.,
Joy 1984). This increase of contrast as
a function of the pixel size may be easily deduced from our experimental data
as well. In order to do this one has to
integrate the SE2 contributions emerging
in- and outside of the pixel area separately. The portion emerging inside is
added to the SEl contribution when the
contrast is calculated.
The
increase
of contrast with
decreasing magnification is faster for
specimens of high atomic number due to
the lower maximum range of the electrons
within these materials. For the same
reason topographic contrast increases
when the microscope is operated with lower beam voltages
(Pease 1967; Pawley
1986). Therefore,
low voltage SEM will
possibly provide the ultimate in high
resolution topographic images of biological samples (Pawley 1984a, b) in the
future .

c• Ag

0 . 72

The 13 values

Table II
E [keV]
20
30
40
50
60
70

Si

Ge

Ag

0.34

0.37
0.33
0.39
0.40
0.41
0.40

0.29
0.40
0.41
0.41
0.42
0.41

0.44

0.52
0.55
0.52
0.50

Table 2. Experimental values of I for
Si, Ge and Ag for energies of the impinging primaries ranging from 20-70 keV.
Angle of incidence 50° to the surface
normal.
The influence of BSE induced
secondaries on contrast in the SEM
The values of I do not depend
within the limits of the accuracy of our
measurements - on the energy of the primary electrons. Using the mean values of
I
we
obtain for the single pixel
contrast:

i.e.,
the maximum of the single pixel
contrast neither depends on the energy
of the primaries nor on the material
within the overall uncertainty of our
measurements.
When a smooth homogeneous specimen
is imaged in the SEM,
the single pixel
contrast is constant, i.e., according to
[5] no structures at all are visible in
SEM micrographs. We assume now that
inside the area of an isolated pixel the
secondary emission is higher by 20 % for
example (the cause may be an enhanced
secondary emission due to a slight tilt
of the surface or a locally increased SE
emission coefficient) and calculate the
contrast C:

The total secondary yield SEr consists of that induced by the primaries
and the one induced by the reemerging
BSEs:
SEr

C

=

SEl/(SEl+SE2)

1/2( 0.2•SEl/(SEl+SE2))

SEl + 13~·SE1
[12)

where 'T) is the backscattering coefficient. The mean BSE-induced secondary yield is higher by a factor 13 (Everhart
1958; Kanter 1961a,b; Seiler 1967, 1983;
Drescher et al. 1970) compared to the
emission induced by a primary electron
since the energy distribution of the
BSEs is broad and their average energy
lower than that of the primaries. Last
but not least their lower average emergence angle to the surface leads to the
enhanced secondary yield. Thus, 13 is given by the following relation:

zl/2(1.2•SEl/(SEl+SE2) - SEl/(SEl+SE2))
using that c•

SEl + SE2

0.7

13

0.07

=

(1/~) (SE2/SE1)

=

I/~

[13)

The values for I (see Table 2) are
identical with 13~. These values of I do
not differ significantly from each other
for the different energies of the prima-

An increase of the emission of 20%
in an isolated pixel results in a very
faint contrast of only 7 % in the corre-
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trast in SEM micrographs caused by the
scattering properties of the specimen.
The~ values of 1<~<3 deduced from
our measurements corroborate the results
of Drescher et al. (1970) and Reimer and
Drescher (1977). They are substantially
smaller than the values of about 5 which
are found in the
older
literature
reviewed, e.g., by Seiler (1967).
The outstanding advantage of the
emission microscope method is that the
SE2 and SEl current emerging from the
specimen surface is visualized directly
and can be measured spatially resolved
for every single pixel - not only for
flat specimens but for specimens with
rough convoluted topography as well
The method is even more powerful: not
only increased SE2 yield due to topography e.g.,
edge brightening (Hasselbach and Rieke 1976, Wells 1977,1986) is
visible and measurable of course, but
also that due to different materials,
crystallographic orientations and even
local charging of specimen structures
(Hasselbach 1988). Therefore the emission microscope method will allow us to
make a large step forward to the quantitative understanding of contrast formation in SEM micrographs .

ry electrons. Therefore we calculate the
~
value using the mean value of r for
each element. The values of~ for an angle of incidence of 50° to the surface
normal known from literature are (Kanter
1957, Drescher et al . 1970, Niedrig
1982); 1]sl = 0.31 ; l]Ge = 0.44; ljAg
0.54 yielding~ values of:
~SI

=

1.55; Ike

=

0.88;

~Ag

=

0.74;

However,
in order to compare these
values with results at normal incidence
of the electron beam, we have to take
into account that according e.g.,
to
Bronshtein
and
Denisov
(1967)
and
Bronshtein
and
Dolinin
(1968),
~
decreases
for
increasing
angle of
incidence. For Be and Pb at 50° these
authors measured about 60 % of its peak
value at normal incidence. We assume
that this behaviour is approximately valid for Si, Ge and Ag as well since we
are unaware of quantitative experimental
data concerning these elements. Then our
experimental ~ values for normal incidence are:
~SI

2.58;

~Ge

=

1.46;

~Ag

=

1.23

Compared with experimental values
of Kanter
(1961b),
Bronsthein
and
Denisov (1967), Bronshtein and Dolinin
(1968)
and Seiler (1967) who report ~
values of about 5, our experimental values are substantially smaller. Our mean
secondary electron yield~ of one backscattered electron is of the order of
1<~<3 which corroborates the low~ values of the order of 2 experimentally
found by Drescher et al. (1970) and Reimer and Drescher (1977) .
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Klaus-Ruediger Peters : Did you observe
in your experiments at lower voltages a
dramatic increase of SEl production as
suggested by Monte Carlo computations
from Joy (1985)?
Authors: No,
the resolution of our cathode lens is only about 100 nm, far less
than a fraction of 1 nm which would be
necessary to observe the SEl production
spatially resolved . Secondly, our measurements were performed not at really low
beam voltages but at 20-70 kV.
Klaus-Ruediger Peters: What caused your
SEl to emerge in Ag at a 100 nm larger
distance from the probe site than in Si?
It was shown (Seiler , 1967; Joy, 1985)
that the SE scattering (diffusion) range
varies only a little (1-2x) over a wide
range of accelerating voltage or atomic
number of the specimen . Do you suggest
that the scattering (diffusion) range
proper of your SEl increases lOO x in a
specimen
of
higher
atomic
number
c omposition?
Authors: There is a misunderstanding :
The FWHM of our probe diamete r is , within the limits of error , identical with
the FWHM of the SEl (take into consideration our definition of SEl and our
large probe diameter).
In the text the
FWHM of the SEl distribution and FWHM of
the impinging probe means the same .
Klaus-Ruediger Peters : How do your data
on the scattering range of SEl relate to
range measurements made by others using
high magnification topographic contrasts
as
an analytical tool (Broers 1974 ; Peters 1982a, 1984a , b, 1985) . These authors measured and interpreted the range
of SE produced by the "incoming" electrons of the probe to be lOOx shorter
than you suggest .
Authors: We fully agree with the range
measurements of the authors cited in
your question. Our paper contains no
range measurements of secondaries. The
contradiction given in your question is
due to the misunderstanding which we
tried to clarify in the answer to the
last question.

Discussion with Reviewers
Klaus-Ruediger Peters : What is the difference between SEl, defined by you as
being produced by "impinging electrons"
of the probe,
and SE-I, defined by others as being produced by "unscattered"
electrons of the probe during their
first scattering event?
Authors: We define as SEl all secondaries that are released inside the area of
the impinging primary beam , including
the secondaries that are produced by
multiple scattered electrons reemerging
by chance inside the primary probe dia meter. All these electrons carry useful
information about the pixel just scanned . This is well known and causes the
increase
of contrast in SEM micro-

Klaus-Ruediger
Peters:
The
probe
diameter is expected to vary with the
accelerating voltage. Could you please
provide some data on
actual
probe
diameters used for the range measurements in Table 1? Did you ~easure probe
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Influence of BSE's on contrast in the SEM
diameters with a method independent from
the range of BSE or SE?
Authors:
The actual probe diameters
(FWHM) were 0.3±0.03 µm for Si and 0.5
±0.03 µm for Ge and Ag for all acceleration voltages used. We measured the
probe diameters independently from the
range of the BSE's by using the thin
film method which is described in the
answer to the first question of Murata.

relation between the FWHM in µg/cm 2
E in keV is given by:
Si: FWHM= 5.8 El - ~9
Ge: FWHM= 11.7 E1 · 4 ~
Ag: FWHM= 16.3 El · 3 7

and

Kenji Murata: Could you comment on the
reason why the values of r do not depend
very much on the primary beam energy?
Authors: r is equivalent to 't}., times ~11,,
is almost independent of the primary
beam energy in the energy range in
question.
Since our experimental values
of rare subject to an error of about
20%, we can only conclude that - within
these limits of error - our~ values do
not depend on the primary beam energy.

Klaus-Ruediger Peters: What accelerating
voltages were used in Table 1 for FWHM
data of SEl?
Authors: The FWHM of the SEl (= FWHM of
the impinging probe) was
within the
limits of error - constant for each element irrespective of the accelerating
voltage (20-70 kV) used.

Kenji Murata : According to Kanter, the~
value is enhanced at least by a factor
of 2 owing to longer travelling path
lengths of the backscattered electrons
(BSE's) in the secondary emission region
near the surface, which results from the
cosine law distribution of BSE's . Another enhancement factor is the lower energies of the BSE's which have a higher
emission capability of secondary electrons. Your~ values for Ge, and Ag are
smaller than 2. Please comment on this
discrepancy.
Authors: We do not know why our~ values
for Ge and Ag are smaller than 2. Let us
mention here that there are contradictory values of~ in literature. Reimer and Drescher (1977) also report experimental values of ~ for Al and Au
smaller than 2 . They state that their
calculated values of 2.92 for Al and
2 . 52 for Au represent upper limits.

Kenji Murata: In Fig.
2 there seems to
be a large contribution of the secondary
electrons
generated by backscattered
electrons in the central region where
you
obtained the width of the SEl
distribution,
especially for heavy elements (see , for example Fig.3 in Murata
(1974)) . Could you estimate the error
induced by this contribution?
Authors : Yes, we have a contribution of
secondary electrons generated by back scattered electrons to the SEl (SEl as
defined in the answer to the question of
K.-R. Peters) . Let us estimate this error for the worst case , an Ag specimen
at 20 keV. The peak intensity of the SE2
for Ag at 20 keV is about 16% of that of
the secondaries that are generated by
the entering primary electron beam . Our
50% height of the distribution is therefore exact only within about 8%. These
8% of systematic error lead to an error
in the FWHM of the SEl for the Ag
specimen of less than 60 nm . This in
turn leads to an error of the FWHM of
our
SE2
response functions for an
infinitely fine impinging beam of less
than ±2,5% . In order to prove experimentally that the influence of the BSE induced secondaries in the central region does not influence our results significantly we compared the FWHM of SEl
which we obtained from a bulk gold
specimen and a thin film specimen at 20
keV (20nm of Au on a 20 nm of formvar).
The FWHM which we obtained in both cases
was the same within our limits of error .
The error decreases with
increasing
energy of the primary beam and decreasing atomic number of the specimen.

V.N.E. Robinsons comment: 1. The experi mental set up they have used is entirely
unsatisfactory for what they are attempting to measure. The column they have
used produces a 0.3 to 0.5 micron diameter beam on the surface of the specimen. The reaction that they are trying
to separate,
is one which occurs either
side approximately 3 nano meters,
that
is the interaction volume produced in
their experiment is about one hundred
times larger than the effect,
they are
trying of observe. Even though they reduce this value to about 0.1 microns
they are totally unable to separate SEl
and SE2 in that experimental situation.
As such, any conclusion they make become
meaningless.
In order to perform such an experiment properly they would have to produce
a demagnified image of their cathode,
which has a diameter of approximately 3
nano meters. This needs then to be magnified in its entirety onto the plate.
This they have not done . It then becomes
pointless to speculate about the worth
or
otherwise of the rest of their
mathematics.

Kenji Murata: Could you check if your
experimental data of SE2 follow the law
of SE2• E0 which is similar to the equation of the electron range? Please find
the value of n for Si, Ge and Ag . This
will be useful also in electron beam
lithography.
Authors: For the different elements the
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higher magnification in scanning electron microscopy with secondary and backscattered electrons on metal coated biological specimens and imaging cell membrane
structures.
Scanning Electron
Microsc. IV , pp 1519-1544.
Reimer L. (1984). Scanning electron
microscopy.
Springer Series in Optical
Sciences,
JM Enoch ,
DL . MacAdam,
AL.
Schawlow, K. Shimoda,
T.
Tamir (eds.).
Springer-Verlag Berlin Heidelberg New
York Tokio. p. 100.

Authors: We are not at all trying to separate the reaction which occurs within
3 nm around the impinging primary beam,
as you write in your comment. We measure
the spatial distribution of the secondaries that are released by the backscattered electrons reemerging from the
surface of a bulk specimen. The emission
microscope gives us the possibility to
visualize directly these distributions
spatially
resolved.
You
may
find
micrographs that show from which parts
of the specimen these secondaries are
emitted - also for the special cases,
e.g.,
of edge brightening
in the
paper of Hasselbach and Rieke 1976, Hasselbach 1988. The dimensions of the area
on the surface of the specimen where
these secondaries are released may be
characterized - this is a rule of
thumb
by the range of the scattered electrons in the specimen.
For silicon and
25 keV electrons this range is of the
order of 6 µm and at 70 keV of more than
70 µm (see e.g., Reimer 1984) and not in
the 3 nm range. For quantitatve measurements in these µm-dimensions
our probe
diameter of 0.3-0.5 µm and the resolving
power of our cathode lens of 0.1 µmis
sufficient.
The dimensions
of
the
reaction volume of
3 nm,
as given in
your comment,
is roughly identical with
the range of the secondary electrons in
a metallic specimen and not with the
range of the fast scattered electrons.
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